When seeds of Echinochloa crusgafli var. oryzicola are germinated in dark anaerobic conditions (99.995% N2), the seedlings do not have detectable protochlorophyll(ide). Two hours after exposure to light aerobic conditions, they begin to synthesize chlorophyll. The lag in greening is shorter in seedlings exposed to light for 24 hours before exposure to air.
cally grown seedlings does not result in any chlorophyll accumulation. Phytochrome is probably the receptor for photoactivation of chlorophyll synthesis, since activation is achieved by red light alone, but not by far red light or red plus far red light. The cytochrome oxidase activity in anaerobically germinated seedlings is 30% of the normal level found in aerobically grown seedlings. Preillumination was also found to activate the ability of anaerobically germinated seedlings to increase their cytochrome oxidase activity upon exposure to air.
Pchl(ide) acts as an inhibitor or repressor of the ALA'-synthesizing enzyme (7, 18, 24) . As a result, only small amounts of Pchl(ide) are accumulated in etiolated plants. When etiolated angiosperms are exposed to light, Chl synthesis following the initial Pchl(ide) photoconversion will take place after a lag phase (20) . This lag phase was eliminated when the etiolated seedlings were either fed with ALA (6) or preilluminated briefly and then incubated in the dark before light exposure (21) . Phytochrome has been suggested as the photoreceptor for activation of Chl synthesis by preillumination (8, 13, 16) . Recently, preillumination with R or FR has been shown to activate ALA synthesis (9, 12 ). It appears that phytochrome controls Chl synthesis by regulating ALA formation. However, the activity of the ALA-synthesizing enzyme is still under the regulation of Pchl(ide) since the ALA-synthesizing enzyme, which is activated by preillumination, does not become functional until Pchl(ide) is photoconverted (9, 12 (17) . Experimental conditions are summarized in Figure  1 .
Analysis of Pigments and Cyt c Oxidase Assay. For pigment analysis, 0.2 g of seedlings (fresh weight) was detached from the seeds and extracted by grinding in 2 ml alkaline 90%o acetone (acetone-0. 1 M NH40H, 9:1, v/v) with a chilled mortar and pestle. After standing for 10 min, the acetone fraction was collected by centrifugation, adjusted to 2 ml, and scanned against a 90%o acetone blank with a spectrophotometer (Aminco, . The concentrations of pigments were calculated from the recorded absorption spectra according to the equations given by Klein and Schiff (10) .
For the Cyt c oxidase assay seedlings were weighed and ground in chilled 30 mm P buffer (pH 7.4) with chilled mortar and pestle. The homogenate was used as a crude enzyme preparation. The enzyme assay mixture contained 0.1% Triton X-100, 1.5 mg reduced Cyt c (type III, horse heart, Sigma) dissolved in 30 mm P buffer (pH 7.4), and various amounts of crude enzyme in a final volume of 2.5 ml (pH 7.4). The oxidation of Cyt c was measured as changes in A at 550 versus 540 nm using the dual wavelength mode of an Aminco DW-2 spectrophotometer. The rate of change in A was converted to ,tmol of Cyt oxidized per g fresh weight per min using an extinction coefficient of 19.6 mM' (25 (Fig. 2) . Six h after transfer to light aerobic conditions, there was five times more Chl in light anaerobically germinated seedlings (2.3 nmol/g fresh weight) than in dark anaerobically germinated seedlings (Fig. 2) . When light anaerobically germinated seedlings were transferred to dark aerobic conditions, Pchl(ide) accumulated without any lag (Fig. 3) . Pchl(ide) accumulation rate decreased after the 2nd h and by the 6th h had reached 1.5 nmol/g fresh weight (Fig. 3) . This level is about the same as the 1.7 nmol Pchl(ide)/g fresh weight found in dark aerobic germinated seedlings (Fig. 4) . Dark aerobically germinated seedlings showed a 2 h lag for Chl synthesis after they were exposed to white light (Fig. 4) .
Light Exposure of 12 or 24 h. To determine the time required for light activation of Chl synthesis, seedlings germinated in dark anaerobic conditions were exposed to 12 or 24 h of light under N2 before they were transferred to light aerobic conditions. The exposure of anaerobically grown seedlings to 12 h of light failed to activate Chl synthesis (Fig. 4) . There was a 2-h lag and the rate of Chl increase was similar to the increase observed in dark anaerobically germinated seedlings (Fig. 4) . However, 24 h of light exposure under N2 shortened the lag phase and increased the rate of Chl synthesis. At the 6th h, seedlings exposed to 24 h of light had accumulated 40% of the Chl found in light anaerobically germinated seedlings (Fig. 4) . Assuming a short illumination will trigger the photoactivation process, more than 24 (Fig. 6 ). Seedlings germinated under light anaerobic conditions showed an increase in oxidase activity without a lag (Fig. 6) (3, 5) . Since a stoichiometric relationship has been established between ALA accumulated and the deficit in Chl synthesized in most levulinic acidtreated samples (3), the increase of Pchl(ide) and Chl could be used to indicate the availability of ALA.
When germinated under anaerobic conditions, with or without illumination, Echinochloa seedlings do not have any Chl or Pchl(ide). After exposure to air, the light anaerobically germinated seedlings started to accumulate Chl in the light and Pchl(ide) in the dark without any lag (Figs. 2 and 3) . Evidently, preillumination eliminated the lag phase observed in the greening of dark anaerobically germinated seedlings (Fig. 2) . Preilluminated seedlings also showed a higher rate of Chl or Pchl(ide) synthesis when exposed to air (Figs. 2 and 3 ). Based on these observations it is concluded that preillumination activates the ALA-synthesizing enzyme. According to Beale and Castelfranco (4) , ALA synthesis in higher plants is 02-dependent. The rapid ALA synthesis (expressed as Chl or Pchl[idel increase) observed in light anaerobically germinated seedlings (Figs. 2 and 3 ) after they were transferred to aerobic conditions indicated that the light-activated ALA-synthesizing enzyme in Echinochloa also required 02 to be functional. (Fig. 3) suggesting an inhibitory role of Pchl(ide) on ALA synthesis. These results could also be explained by a light dependent, short-lived ALA-synthesizing enzyme. The increase of Pchl(ide) in dark anaerobic to dark aerobic transition experiments (Fig. 3) was presumably caused by the intrinsic ALA-synthesizing enzyme which is also responsible for accumulation of Pchl(ide) in normal, etiolated seedlings.
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The preillumination treatment for activating Chl synthesis is 02-dependent both in Euglena ( 11) and Chlorella (19) , even though the subsequent dark incubation is 02-independent (I 1 (9) and mustard cotyledons (12) . The difference between responses to FR in Echinochloa and other systems could be either species-specific or due to differences in experimental conditions such as air or irradiance. Under the conditions used in this study, seedlings exposed to R + FR with the same irradiance (100 mw m-2) had insufficient levels of Pfr to cause activation of Chl synthesis. Seedlings exposed to continuous white light, which had 10 times more irradiance in R than in FR (600 mw m-2 versus 60 mw m-2), or R alone had their Pfr levels raised adequately to achieve activation of Chl synthesis.
It has been shown that pretreatment of mustard cotyledons with R pulses causes Chl b formation (13, 14) . In this study no chlorophyllous pigments were detectable in anaerobically germinated seedlings with or without preillumination and only Chl a was detected up to 6 h after the seedlings were exposed to light aerobic conditions. When germinated anaerobically either in the light or in darkness, Echinochloa seedlings have 30% of the normal Cyt oxidase activity (Fig. 6 ). After being transferred from dark anaerobic to light aerobic conditions, Cyt oxidase activity had not increased after 6 h, whereas no lag was observed in seedlings transferred from light anaerobic to light aerobic conditions (Fig. 6) . Apparently, preillumination also activated the capacity to increase Cyt oxidase activity.
Following anaerobic to aerobic transition of yeast, the increase in Cyt oxidase and its activity was attributed to de novo synthesis of heme and the apocytochrome moities of Cyt oxidase (2) . Assuming the same is also true in Echinochloa seedlings transferred from anaerobic to aerobic conditions, I concluded that preillumination activated mitochondrial heme synthesis and resulted in the rapid increase of Cyt oxidase activity in the seedlings when they were transferred to aerobic conditions. Continuous FR, which activates Chl synthesis (9, 13, 14) , caused the increase of mitochondrial enzymes (including Cyt oxidase) in mustard cotyledons. The response was mediated through phytochrome and could be stopped by inhibitors of protein synthesis (1) . The photoactivation of Chl synthesis in chloroplasts on one hand and the photoactivation of heme synthesis in mitochondria on the other, may be two totally independent events. Nevertheless, because of the uncertainty of the source of ALA in plant mitochondria, I speculated that Chl and mitochondrial heme synthesis in plant cells share a common pool of ALA (22) whose synthesis is activated by preillumination.
